Purpose: This study is an overview of the clinical and angiographic outcomes of patients who undergo treatment for distal anterior cerebral artery aneurysms.
The surgical clipping of distal anterior cerebral artery (ACA) aneurysms using an interhemispheric approach poses several problems to the surgeon, such as operative space narrowing and sacrifice of the bridging vein. As a result, surgical morbidity has been reported to be relatively high [1, 2] . Although endovascular treatment for ruptured or unruptured aneurysms has been increasingly used as a primary treatment option for intracranial aneurysms after the International Subarachnoid Aneurysmal Trial, endovascular treatment for distal ACA aneurysms is still challenging, similar to clipping results [3] . The endovascular treatment of distal ACA aneurysms was reported to be technically unsuccessful in some cases because of the distal location and small size of parent artery. The present paper reports our experience treating 16 distal ACA aneurysms using endovascular coiling.
MATERIALS AND METHODS

Patient Demographics
Between January 2009 and March 2012, 444 cerebral aneurysms were treated using endovascular coil embolization at our institute. Among them, 217 unruptured and ruptured aneurysms were follow-up with angiography at least six months later. Of these, there were 16 distal ACA aneurysms in 16 patients.
We performed a retrospective review of angiographic studies, including the medical records of patients who underwent coil embolization for cerebral aneurysms at our institute. The research protocol was approved by our Institutional Review Board.
Procedure
Endovascular treatment was performed under general anesthesia. Using preoperative intracranial angiography, the morphology and characteristics of the connections between the aneurysms and parent arteries were fully evaluated. The techniques used for coil embolization were similar to those described previously [15, 18] . Aneurysms were embolized with detachable coils by packing as densely as possible. The embolization was stopped when angiographically complete obliteration was achieved, the last coil could not be introduced inside the sac, or the occlusion of the normal branch next to the aneurysm might occur. The percentage of occlusion at the end of the procedure was evaluated by determining the embolized volume using AngioCalc (http://www.angiocalc.com), with measurements from both three-dimensional and two-dimensional images. When the single-catheter technique was ineffective, a double-catheter or balloon-or stent-assisted technique was tried. Immediate angiographic results were classified according to the Raymond classification; complete occlusion, residual neck, and residual aneurysm [6] . Each patient's outcome was evaluated at discharge according to modified Rankin scale (mRS) [7] .
Angiographic and Clinical Follow-up
Follow-up angiograms were performed at least six months after coil embolization, and the angiographic results were classified into three categories: stable or improved occlusion, minor recurrence that did not require retreatment, or major recurrence that required retreatment. Major recanalization was def ined as contrast filling within the aneurysm dome or significant coil compaction for which the corresponding physician considered retreatment. Minor recanalization was defined as minimal coil compaction at the aneurysmal neck.
Clinical evaluations were performed in our outpatient clinic which is attended by one neurosurgeon.
Statistical Analysis
All of data were analysed using Statistical Package for Social Sciences (SPSS version, 19.0, SPSS Inc., Chicago, IL, USA). Fisher's exact test was used to recanalization rate. Significance level was set as 0.05.
RESULTS
Patients and Angiographic Characteristics
Sixteen patients with distal ACA aneurysms that were treated with endovascular coiling were reviewed in our study. The characteristics of the patients, clinical outcomes, and angiographic follow-up results are summarized in Table 1 .
The mean age of the patients in our study was 54.7 ± 10.2 years (range, 41-75 years), and seven patients (46.6%) were male. The mean follow-up period was 20.6 ± 9.64 months. Six patients were diagnosed with at least one other intracranial aneurysm, but no patient had another ACA aneurysm. Four patients (25%) who presented with ruptured distal ACA aneurysm were treated emergently with no delay. The average longest diameter of aneurysm size was 4.98 ± 1.39 mm (3.0-8.1 mm), and eight aneurysms (50%) had an aspect ratio < 2.0. The average longest diameter of aneurysm size in ruptured patients was 5.97 mm, and three aneurysms (75%) had an aspect ratio < 2.0. In two cases, double-catheter technique was used for effective coil embolization. Immediate post-embolization control angiograms revealed complete occlusion in all of the patients.
Procedure Complications
Two patients had procedure-related complications. One patient had a coil extrusion that occurred intraoperatively without hemorrhage, indicated by a postoperative computed tomography (CT) scan. One patient received chemical thrombolysis (tirofiban, 0.5 mg) during coiling because of thromboembolism formation. A f inal angiogram revealed near resolution of the thromboembolism with complete occlusion of the aneurysm sac (TICI grade 3) [8] . Immediate pre-and post-procedural neurological changes were not checked. No remarkable findings suggested infarction with follow-up CT and magnetic resonance imaging.
Follow-up Angiographic Findings and Clinical Outcomes
Angiographic follow-up was performed at least 6 months later and was involved conventional angiography with DSA. All angiographic follow-up were evaluated and classified by an independent neuroradiologist. Recanalizations were noted in six aneurysms (37.5%) in patients. One major and f ive minor recurrences were detected. The major recanalized aneurysm presented a stable result at the follow-up angiography 30 months after coil embolization, so additional treatment was not performed. There was no procedure-related major stroke or deaths. The last clinical follow-up outcome was good in all 16 patients (mean mRS: 0.25 [0-1]).
DISCUSSION
Distal ACA aneurysms are rare and comprise between 2% and 5.5% of intracranial aneurysms [9] . Ruptured or unruptured distal ACA aneurysms have been regarded as technically difficult to microsurgically clip because of the narrow operating f ield, interhemispheric adhesions, especially with ruptured aneurysms, difficulty preserving the parent artery, and an unfavorable direction of the clipping fundus. Endovascular coil embolization has been widely used as an alternative to microsurgical clipping and considered a first-choice modality for the treatment of ruptured or unruptured intracranial aneurysms [10] [11] [12] . Distal ACA aneurysm is also one indication for endovascular treatment. However, despite the evolution of techniques and tools, the coiling of distal ACA aneurysms is complicated. For the endovascular treatment of distal ACA aneurysms, the use of multiple devices, such as double catheters, balloons, or stents is limited compared with other aneurysms located elsewhere. For distal ACA aneurysms, the rate of tool assistance was lower than for aneurysms located elsewhere (p-value < 0.001; Table 2 ). This difference can be explained by the fact of relatively small caliber of parent artery (A2) and distally located lesion. However, if the procedure is performed carefully and with the proper indications, then the procedure can be accomplished successfully without complications, such as thrombosis or microcatheter protrusion or extrusion. There were two procedure-related complications during coil embolization of ACA aneurysms, one was coil protrusion and the other was thromboembolic complication. Thromboembolic complication occurred in one of 16 patients (6.3%) in our study. This rate is similar to the rates of 0-17.2 % reported in previous studies [9, [13] [14] [15] . We performed angiographic follow-up at least six months after embolization in all of the cases in the present study. Of the 16 aneurysms, there was one major recanalization, and f ive minor recanalized recurrences, owing to regrowth of the aneurysm and coil compaction. The recanalization rate was high compared with the follow-up angiographic results of studies of aneurysms at other locations (Table 3 ) [6, [16] [17] [18] [19] . Therefore, surgeons should be aware of the high possibility of recurrence during endovascular procedures.
In the present study, the loose coil packing rate may have been a signif icant predictor of recurrence. Compared with several studies, the packing rate of distal ACA aneurysms was lower (Table 4) [2, [20] [21] [22] . Our clinical outcomes were very encouraging. All of the patients had an mRS score of 0 to 1 at the last recorded follow-up. This indicates that endovascular treatment may be an option for distal ACA aneurysms.
The present study had a few limitations. Although some angiographic data were researched prospectively, most of the data in the study were reviewed retrospectively. In the chart review, endovascularly treated distal ACA aneurysms without angiographic follow-up were excluded. Therefore, recanalization cases that did not undergo angiographic follow-up were not contained in the analysis. Additionally, more patients with longer follow-up times are needed.
In conclusion, the endovascular treatment of distal ACA aneurysms is feasible and has a good clinical outcome. However, the recurrence rate of coiled aneurysms is higher compared with aneurysms at other locations. When surgeons select the treatment modality for distal ACA aneurysms, they should be aware of the high rate of recurrence after endovascular treatment.
